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Received: 10 November 2018 Abstract
Accepted: 2 August 2019 The focus of this paper is to propose a method for prioritizing knowledge and technology
factor in companies’ business strategy. The data has been gathered and analyzed from
Malaysian-owned company of medium size type industry, employing around 250 employees
and listed in the Malaysian Bourse Stock of Exchange, since 2000. Sense and respond model
is used to determine competitive priorities of the firms. Then knowledge and technology
part of sense and respond questionnaire is used to calculate the variability coefficient i.e. the
uncertainty caused by technology and knowledge factor. The results show that the company
is not leading in term of technology (spear head technology share is around 33%). Therefore,
the enhancement of technology and knowledge to SCA values is not significantly seen in
this study. The usage of the core technologies is around 41% and it might seem relatively
enough. In terms of basic technology, while its share is the lowest (around 25%), it has the
highest source of uncertainties among technology types. In this case, the proposed model
helped to have a clear and precise improvement plan towards prioritizing technology and
knowledge focus.
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Introduction
One vital approach in sustaining business com-
petitive advantage is through technological innova-
tion, hence adapting to current technological shift.
Technological changes drive competition in the cur-
rent business environment. A technological change is
not important for its own sake. It is important if it
can bring competitive advantage to industry and in-
fluence on industry structure. Technological changes
shall lead to newly adapted and adopted innovation
into work process, product features and service offer-
ings to the market. Organizational innovation is syn-
onymous to new product and process development, is
as well seen as an enabler for sustainable competitive
advantage [1].
Technology innovation and technology invest-
ment are paramount to building and sustaining com-
petitive advantage. Technology has significant role in
the value chain of a firm, and it can result in the
ability of firm to achieve low cost and differentiation
thought its value chain activity [2].
The concept of sustainable competitive advan-
tage has been debated for the past decades. The term
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“sustainable competitive advantages” was defined by
Porter in 1985 as a firm basic type of competitive
strategy. He classified three generic enterprise strate-
gies: overall cost leadership, differentiation and seg-
mentation. Later on Barney [3] has made a closer
definition by uttering as: “A firm is said to have
a sustainable competitive advantage when it is im-
plementing a value creating strategy not simultane-
ously being implemented by any current or potential
competitors and when these other firms are unable
to duplicate the benefits of this strategy [3]. Porter
[4] argued that sustainable competitive advantage is
underpinned by differentiation of distinctive knowl-
edge of product’s quality and technology used. This
notion has evolved over time to mean maintaining
business capabilities that create atmosphere suitable
for customers to enjoy greater value [4].
Those competitive advantages that deliver val-
ue to customers, uneasy to copy by competitors,
and that merit organizational performance are what
make up sustainable competitive advantage [5]. Or-
ganizational performance is dependent on competi-
tive advantage [6, 7]. Organizational competitiveness
in the current economic development is often exploit-
ed for survival and stability by firms [8]. An impera-
tive feature of competitive advantage is the manner
activities fit and fortify one another [9]. Competi-
tive advantage is thus a combination of resources,
interlinked features and activities of an organization
better than competitors.
As resource and product are two sides of a coin for
firms, Wernerfelt [10] suggests that analyzing a firm
from the resource side has more benefit rather than
from the product side. He defines resources as “any-
thing that might be thought of as a strength or weak-
ness of a given firm”. Resources can bring competi-
tive advantages to the firm because they help compa-
nies to achieve opportunities or avoid threats, they
are rare or hard to imitate and have no direct sub-
stitutes [3]. Even the resource base view theory, ac-
cording to Wang [11] paid emphasis to internal re-
sources facilitates organizational competitiveness in
the environment. These internal resources could be
physical assets, knowledge assets as well as human
resources capital all put together makes up firms’ ca-
pabilities [11]. However, some people are of the view
that capabilities give rise to competitive advantage
and not resources because resources are considered
as source of capabilities [12] and as such do not con-
tribute to sustainable competitive advantage [13].
What then firm capabilities stands for? To some
is the ability to develop, combine, and restructure
internal and external competencies [14], a capacity
of deploying organizational resources into a combi-
nation of processes to address the dynamism of busi-
ness environment [13]. Management capabilities can
thus be argued that Teece et al. [14] “it’s a com-
bination and integration of organizational, function-
al and technological skills, management of research
and development, product and process development,
technology transfer, intellectual property, manufac-
turing, human resources, and organizational learn-
ing”.
One of the main challenges in sustainable com-
petitive advantage is to consider how much compa-
ny’s resource allocation supports its business strat-
egy. According to Liu [15], the main idea behind
the implementation of SCA is to find the critical at-
tributes in resource allocation trough sense and re-
spond methodology. These critical attributes provide
us improvement plan to enhance company’s strategy
and gain sustainable competitive advantages. Broad-
ly speaking, challenges of sustainable competitive ad-
vantage as opined by Amit and Shoemaker [13] are
identifying, developing, protecting, and deploying re-
sources and capabilities for the sustenance of market
advantage.
Considering product life cycle, there are three dif-
ferent level of technologies in any firms: Basic, core,
speared head. Considering the effect of technology on
resource allocation and critical factor indices, firms
are facing with one important question: In which
technology they need to invest to gain higher com-
petitive advantages. Answering to this question re-
quire to detect which technology supports firm busi-
ness strategy (in terms of differentiation or cost re-
duction) and which brings mainly uncertainties in
return. Answering this question helps companies to
out-source some technology related activities and in-
vest on some other technology innovation to achieve
higher competitive advantages.
The goal of this paper is to propose a tool (guide
line) for decision maker to evaluate their technolo-
gy strategy regarding their desired business strategy.
The rest of this paper is structured as follow: first it
brings theory background about different tools and
concepts such as sense and respond (S&R) method,
critical factor indices, business strategy and technol-
ogy and knowledge effect. The sample of question-
naire is described and then the case and results are
presented. Finally, discussion and conclusion follow.
Theory background
Manufacturing strategy
Success and survival of business for long term
goal depends on its ability to engage in useful pro-
duction, which requires continuous resources deploy-
82 Volume 10 • Number 3 • September 2019
Management and Production Engineering Review
ment decisions for manufacturing activities. These
decisions and action so chosen is regarded as strategy.
Strategy can be defined as “the pattern or plan that
integrates an organization’s major goals, policies and
action sequences into a cohesive whole” [16]. Manu-
facturing strategy as a concept is seen as the exploit
of material goods of the manufacturing function to
attain competitive advantage [17]. Similarly, man-
ufacturing strategy is understood as a steady pat-
tern of manufacturing decision making that is aligned
with firm’s corporate strategy [18]. Therefore, it is
a tool for holding on to firms manufacturing capa-
bilities as a competitive gain for the realization of
organizational goals.
There are different types of strategy topology
which mangers and decision makers implement in
a business. One of them is miles a snow topolo-
gy which classifies business strategy in four groups:
prospector, analyzer, defender and reactor. This clas-
sification supports managers in front of external en-
vironment. The definition of these four strategies
are [19]:
• Prospector strategy: which tries to lead it’s indus-
try with the focus of quality. Prospectors innovate
in processes and take risks. Besides, they bring
new opportunities to the market.
• Analyzer strategy: tries to remain in a steady state
in market but at the same time provide change
and innovation. Analyzer focus is to reduce cost
and acceptable quality.
• Defender strategy: which focuses on a mature
product or market operation. Defenders concen-
trate on efficiency and process improvement and
prefer not to take risks; they strengthen efficiency
and maintain their current customers.
• Reactor strategy: this strategy happens in absence
of defined goals and objectives. In this type of
strategy, there is no sense of direction and deci-
sions are taken to respond immediate problems.
Hence this type of strategy is not considered as a
separate category.
The priority to the build-up of manufacturing
strategies is the competitive primacies that provide
linkage between the overall goal of the firm and man-
ufacturing objectives [8]. This situation or decision is
dependent on the industry and market the firm op-
erates or intend to venture. Some of the parameters
of competitive advantage as opined by Ward [20] in-
clude quality, cost, time and flexibility. Once they
are present and high in organization, it means the
firm has competitive advantage. Firm’s competitive
environment is considered as one of the major de-
terminants of organizational innovation, which en-
tails cost-efficiency [1]. An organizational innovation
is enough scale of operation to leverage against pro-
ductivity gain.
Sense and respond
Several approaches are employed in managing
business sustainable competitive advantages strate-
gies [21]. They are comprised of sense and respond,
Critical factor index, and manufacturing strategy.
The traditional way of planning production based
on the manufacturers has been replaced by anticipa-
tion of the customers’ need in real time and compa-
nies are moving from make and sell approaches to
sense and respond (S&R) approaches. It is because
operations in the manufacturing age were slower and
predictable [22], as there is no room for anticipatory
reaction from any quota. “The problem that many of
us face is that most of our management techniques
were created at a time when this two- way conversa-
tion didn’t exist”.
Sense and respond (S&R) approach is used to
assist in forming a picture of what might happen
in the future. Tasmin et al. [21] opined that S&R
facilitates choice of action towards the foreseeable
future undertakings of a firm. This method enables
firms to collect data regarding expectations and ex-
periences. S&R orchestrates dynamic, structured and
unstructured information within a continuous, adap-
tive event-based planning process [23]. Besides, it
helps firms to understand their position compared to
their competitors. Moreover, it helps firms to develop
a certain criterion at a given time frame. The follow-
ing tables shows model of questionnaire for Sense and
Respond method [24].
Table 1
Format of the questionnaire.
Performance measurement
Scale: 1 = low, 10 = high Compared with competitors Direction of development
Expectation (1–10) Experience (1–10) worse same better worse same better
C1
C2
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RAL model
The way to integrate Miles & Snow Topology
[19] into Sense and Response methodology is to use
RAL model. RAL is abbreviated from Responsive-
ness, Agility and Leanness. A firm can optimize the
RAL model components by prioritizing between cost,
quality, time and flexibility [25]. The model funda-
mentally supports firm’s operational strategy [21].
Fig. 1. RAL model.
The share of different component of RAL model
are calculated as follow:
Q% =
Q
Q + C + T
, (1)
C% =
Q
Q+ C + T
, (2)
T% =
Q
Q+ C + T
, (3)
F% =
Q
Q+ C + T + F
. (4)
Once the component of RAL model is calculat-
ed, the next step is to calculate MSI of operational
competitiveness in each group.
The MSI model for prospector group:
∅ ∼ 1−(1−Q%1/3)(1−0.9∗T%)(1−0.9∗C%)∗F%1/3.
(5)
The MSI model for analyzer group:
λ ∼ 1 − (1 − F%)[ABS[(0.9 ∗Q%− 0.285)
∗(0.95 ∗ T%− 0.285)
∗(0.95 ∗ C%− 0.285)]]1/3.
(6)
The MSI model for defender group:
ϕ ∼ 1−(1−C%1/3)(1−0.9∗T%)(1−0.9∗Q%)∗F%1/3.
(7)
Strategy detection
The sample of different attributes used in this
study are presented in the next table. In the last col-
umn, the attributes from (S&R) questionnaire are
assigned to one of the multiple key categories of
RAL model: Quality (Q), Cost (C), Time/Delivery
(T ) and Flexibility (F ), depending on their most
significant effect [8, 24]. These categorizations are
performed to integrate Miles & Snow topology into
Sense and Respond methodology.
Table 2
Sample of performance measurement which has been applied
in this study.
ATTRIBUTES
Knowledge & Technology Management
1 Training and development of the company’s
personnel
Flexibility
2 Innovativeness and performance of research
and development
Cost
3 Communication between different depart-
ments and hierarchy levels
Time
4 Adaptation to knowledge and technology Flexibility
5 Knowledge and technology diffusion Cost
6 Design and planning of the processes and
products
Time
Processes & Work flows
7 Short and prompt lead-times in order-
fulfilment process
Flexibility
8 Reduction of unprofitable time in processes Cost
9 On-time deliveries to customer Quality
10 Control and optimization of all types of in-
ventories
Quality
11 Adaptiveness of changes in demands and in
order backlog
Flexibility
Organizational systems
12 Leadership and management systems of the
company
Cost
13 Quality control of products, processes and
operations
Quality
14 Well defined responsibilities and tasks for
each operation
Flexibility
15 Utilizing different types of organizing sys-
tems
Flexibility
16 Code of conduct and security of data and in-
formation
Cost
Information systems
17 Information systems support the business
processes
Time
18 Visibility of information in information sys-
tems
Time
19 Availability of information in information
systems
Time
20 Quality & reliability of information in infor-
mation systems
Quality
21 Usability and functionality of information
systems
Quality
Critical factor index (CFI)
Sensing beforehand then responding correctly to
probable events and envisaging what will happen in
the future call for a complete decision-making sup-
porting system [27]. “The CFI method is a measure-
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ment tool to indicate which attribute of a business
process is critical and which is not, based on the ex-
perience and expectations of the company’s employ-
ees, customers or business partners” [24]. It is a de-
cision making tool which supports firm by providing
the list of critical attribute. Later Nadler and Takala
[27] developed BCFI from CFI principle. Then SCFI
method was developed [28]. The calculations are pre-
sented in the following formula:
CFI =
std(experience) ∗ std(expectation)
a∗
, (8)
BCFI =
b∗ · Performance index
a∗
, (9)
SCFI =
c∗ · Performance index
a∗
, (10)
where
a∗ = Importance index ∗ Gap index
∗ Development index,
b∗ = SD Expectation index · SD Experience index,
c∗ =
√√√√ 1
n
n∑
1
[experience(i) − 1]2
·
√√√√ 1
n
n∑
1
[expectation(i) − 10]2.
The results of CFIs calculation can be presented
in traffic bar charts. There are three different colors
for different bars: green, yellow and red. In that bar
chart yellow and red color represent over and under
resource criteria respectively and green stand for bal-
anced attributes. Both yellow and red attributes are
critical.
After calculation CFIs and MSI components, the
next step is to calculate SCA levels. By the SCA
values, it can be observed how much the resource
allocation supports the company’s strategy. As the
SCA value approaches to 1 the consistency between
resource allocation and strategy becomes stronger.
MAPE (absolute percentage error):
SCA = 1 −
∑
α,β,γ
∣∣∣∣BS− BRBS
∣∣∣∣ . (11)
RMSE (root means squared error):
SCA = 1 −

∑
α,β,γ
(
BS− BR
BS
)2
1/2
. (12)
MAD (maximum deviation):
SCA = 1 − max
α,β,γ
∣∣∣∣BS− BRBS
∣∣∣∣ . (13)
Where the BS is the result of manufacture strategy
index (MSI) and BR is the results of CFIs.
Knowledge and technology ranking
Knowledge and technology requirement section
has been added to the sense and response (S&R)
questionnaire to gather information about the com-
panies’ knowledge and technology rankings. Respon-
dents are required to evaluate each attribute in terms
of basic, core and spearhead technologies in percent-
ages while keeping the summation of these three
terms to 100%.
Basic technology is referring to the technology
that is the most critical for the business. Core tech-
nologies include technologies that bring competitive
advantages to competitors and enable the company
to grow. And spearhead technology focuses mainly
on future and is the most potential and brings suc-
cessful business opportunities in future [25].
Coefficient of variance of technology
and knowledge and SCA risk
The following formulas show the level of devia-
tion between the participants’ responses in terms of
technology share. In fact, this is a measurement to
how close are the answers of respondents. The lower
the value of an attribute means the results are more
reliable [25]
Coef. VarBasic =
Standard DeviationBasic
AverageBasic
, (14)
Coef. VarCore =
Standard DeviationCore
AverageCore
, (15)
Coef. VarSpear Head
=
Standard DeviationSpear Head
AverageSpear Head
.
(16)
Once coefficient of variance (CV) is calculated for
all the attributes in all technology level, then the fol-
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lowing formula are used to calculate the risk of dif-
ferent level of technology
c1 : Quality, c2 : Time, c3 : Cost, c4 : Flexibility,


Total TK risk
c1,c2,c3,c4
(RMS)
=
√ ∑
c1,c2,c3,c4
[(∑
b1,c1,sh
Coef. Vari
)2]2
Partial


TK risk
c1,c2,c3,c4
Basic (RMS)
=
√ ∑
c1,c2,c3,c4
[∑
b
(
stdi
meani
)2]2
TK risk
c1,c2,c3,c4
Core (RMS)
=
√ ∑
c1,c2,c3,c4
[∑
core
(
stdi
meani
)2]2
,
TK risk
c1,c2,c3,c4
Sh (RMS)
=
√ ∑
c1,c2,c3,c4
[∑
sh
(
stdi
meani
)2]2
.
(17)
Once the total and partial risk of different tech-
nology level is calculated, the next is to calculate
SCA risk level considering technology. Next formula
is used to do that:
Total Risk (Geom) = [(1 − SCA)TK risk]1/2, (18)
Total SCA risk level = 1 − Total Risk (Geom), (19)
Case study
In this study, sense and respond (S&R) question-
naire data are collected from a Malaysian furniture
industry. Four respondents answered the sense and
respond questionnaire.
CFIs and business strategy results
The results of BCFI for future are presented in
traffic bar chart in Fig. 2.
As the bar chart presents, most of the criteria
in “Organization system” sector are under resource
attribute i.e., critical and needed to be improved in
terms of resource allocation. On the other hand, most
of attributes in “process and work flows” area are
balanced.
Fig. 2. Recourse allocation and critical factor based on
BCFI for future.
The next is to present the values of the multiple
key categories of RAL model (Q, C, T and F ). These
values are calculated separately based on CFIs values
of the classified criteria (Table 3).
As the number in the table shows, the focus of
company strategy is time.
Table 3
RAL model elements.
Quality Cost Time Flexibility
CFI(P) 0.00 0.09 0.91 0.16
CFI(F) 0.00 0.16 0.84 0.15
BCFI(P) 0.29 0.21 0.50 0.16
BCFI(F) 0.35 0.27 0.38 0.22
SCFI(P) 0.33 0.16 0.51 0.16
SCFI(F) 0.36 0.24 0.39 0.21
NSCFI(P) 0.36 0.24 0.40 0.23
N SCFI(F) 0.37 0.25 0.37 0.24
Based on calculated elements of RAL model,
the business strategy of company is calculated, and
the results shows that company business strategy
is mainly analyzer. The following table and figure
present company business strategy based on BCFI
calculation.
Table 4
The company business strategy.
Prospector Analyzer Defender Reactor
Past 0.92 0.95 0.91 0.91
Future 0.91 0.96 0.90 0.91
Fig. 3. The company business strategy.
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Company tries to keep its operational strategy
type unchanged as analyzer strategy, but in future
the share of Analyzer group is slightly higher while
the share of prospector group is less.
Results of K/T rankings
Core technology as Company’s current competi-
tive technology share seems to be around 41%. The
share of basic technology is 25% and Spearhead tech-
nology is observed around 33% (Fig. 4).
Fig. 4. Knowledge/technology rankings.
Following the formula 14–17, the coefficient of
variance of different technology types and it’s risk of
different technology type are calculated as follows.
Fig. 5. The coefficient variance of different technology.
As the Fig. 5 shows, the main source of uncertain-
ties in company is basic technology. And the risk of
knowledge and technology correspond to basic tech-
nology is the highest among these three types of tech-
nology.
Fig. 6. The risk associated to each technology type.
Table 5
Risk of different technology level correspond different
element of RAL model.
Q C T F
Basic 0.35 0.25 0.29 0.30
Core 0.066 0.159 0.090 0.192
Spearhead 0.131 0.098 0.131 0.133
The SCA level of business strategy of company
without and with technology and knowledge effect is
presented in the following.
Table 6
SCA level (without T/K effect).
SCA Level
MAPE RMSE MAD GM
P-CFI 0.89 0.78 0.83 0.83
F-CFI 0.73 0.83 0.86 0.80
P-BCFI 0.96 0.97 0.98 0.97
F-BCFI 0.98 0.99 0.99 0.99
P-SCFI 0.92 0.95 0.96 0.95
F-SCFI 0.97 0.98 0.98 0.97
P-NSCFI 0.97 0.98 0.98 0.97
F-NSCFI 0.97 0.98 0.99 0.98
Table 7
SCA level with T/K effect.
SCA (New T/K effect)
Total Basic Core SH
P-CFI 0.66 0.68 0.79 0.80
F-CFI 0.63 0.66 0.77 0.78
P-BCFI 0.86 0.87 0.91 0.91
F-BCFI 0.90 0.91 0.94 0.94
P-SCFI 0.80 0.82 0.88 0.88
F-SCFI 0.87 0.88 0.92 0.92
P-NSCFI 0.87 0.88 0.92 0.92
F-NSCFI 0.88 0.89 0.93 0.93
Comparing two tables above shows that consid-
ering technology and knowledge effect, the SCA risk
level increases in this company (lower SCA).
Discussion and conclusion
This paper proposes a new method to evaluate
the risk of different types of technology. Knowing
the risk correspond to different technology type helps
manager in the decision making related to technol-
ogy investment. In fact, it shows which technology
supports company business strategy (cost reduction
or differentiation) more and which not. The model
has been implemented successfully previously in two
high-tech starts ups [29] and this research applies
that in more conventional industry. Since technology
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is one of the main drives of competition [2], the deci-
sion about that is crucial. Having known that tech-
nology could help company to increase the quality
of products, reduce cost or make differentiation, the
connection between technology and business strat-
egy is clear .The paper applies resource based view
(RBV) by barney [3] for assisting technology decision
making process having in mind sustainable compet-
itive advantage approaches [15].
The presented SCA model is based knowledge
and technology here provides decision maker better
tool towards gaining sustainable competitive advan-
tages by making right decision regarding different
technology type. The technology decision could be
increasing investment or out-sourcing for example.
Moreover, the model process the possibility of:
• Observing the right type of operation strategy
(cost, quality and time) which could result in com-
pany better performance.
• Investigating which company units follow compa-
ny business strategy and which not.
• Take better strategic action by knowing the cri-
teria which are unbalanced in terms of resource
allocation.
The furniture manufacturing firm (this case
study) is a Malaysian-owned company of medium
size type industry, employing around 250 employ-
ees and listed in the Malaysian Bourse Stock of Ex-
change, since 2000. It produces high-grade office ta-
bles, chairs, office cabinets and cubicle partitions
(marketed under AT Office system) for local and
export markets to Japan, China, USA, Europe and
the Middle-eastern countries. The case company has
attained international quality certifications, such as
from ISO 9001 UKAS Quality Management, MTTC
and PEFC.
The research finding shows that this case compa-
ny is not leading in term of technology (spear head
technology share is around 33%). Therefore, the en-
hancement of technology and knowledge to SCA val-
ues is not significantly seen in this study. The usage
of the core technologies is around 41% and it might
seem relatively sufficient. In terms of basic technolo-
gy, while its share is the lowest (around 25%), it has
the highest source of uncertainties among technology
types.
Although the model introduced in this paper pro-
vides an adequate practical value in case of strate-
gic analyses and strategic decision-making process
regarding technology and knowledge role in gaining
competitive advantages, it still should to be tested
with higher number of organizations in different type
and size in order to find the best formula to validate
the strategic decision (MAPE, RSME or MAP).
Although the effect of technology and knowledge
on SCA observed by the proposed model here is not
significant, it cannot be neglected. The main goal of
this paper is to investigate the effect of different tech-
nology types on SCA level by considering the uncer-
tainties in different technology. In case study section,
the analyses are performed, and the recommenda-
tions are provided for the decision makers. Moreover,
the analytical model presented in this paper could
be considered as a great source to observe the weak-
nesses and strengths of the company’s operations and
accordingly to take required actions to keep up the
sustainability of the company’s development.
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